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Identification of groups who report similar patterns of diet among a representative national sample of British adults aged 65 years of age or more There has been increasing interest in the identification of patterns of diet consumed by age-stratified segments of the UK population. Such an approach may be of particular relevance to policy makers as it is the combination of foods that groups of individuals eat which comprise the overall diet, rather than the presence or absence of specific food items, that is ultimately of importance to nutritional health status. It is also this aspect that is most amenable to change by intervention 1 . The elderly are an increasingly important demographic constituent of the population and, for a number of reasons, are vulnerable to poor nutritional health 1 .
The National Diet and Nutrition Survey (NDNS) of people aged 65 years and over provides detailed information on the food intake of a national sample of elderly people living in Britain together with important socio-economic and lifestyle characteristics. This paper reports an analysis of the National Diet and Nutrition Survey of people aged 65 years and over in which we used the multivariate statistical technique of cluster analysis to identify groups within this population who report similar patterns of diet. The food types that characterise the groups, together with the nutrient intakes, socio-demographic and lifestyle characteristics of the groups are presented in this paper.
Methods
The database was the National Diet and Nutritional Survey of people aged 65 years and over. The survey was commissioned by the Ministry of Agriculture, Fisheries and Food and the Department of Health, and undertaken by Social and Community Planning Research (SCPR), University College London Department of Epidemiology and Public Health and the Dunn Nutrition Unit, Cambridge. Fieldwork was carried out from October 1994 to September 1995. The sample was recruited using a multi-stage random probability design. Postal sectors were selected as primary units. All postal sectors in Wales, England and mainland Scotland were stratified according to region and 1991 census data on social class. Eighty postal sectors were selected as first-stage units, with the chance of selection being proportional to size 2 .
Free-living study participants were issued with calibrated food-weighing scales and asked to keep a weighed record for all food consumed during the 4-day period. This is the most precise method available for assessing intake, but it has disadvantages. For example, validation studies of the weighed intake method using doubly labelled water or urinary nitrogen indicate that underreporting bias is common in particular groups 3, 10 . The response rate for the 4-day intake was 59%. Body weight, height, and blood and urine samples were collected. Information was also collected using an intervieweradministered questionnaire including: age, sex, social class, income, pensions, benefits, geographical area of residence, cigarette smoking, and household composition. This analysis uses only the free-living sample. Threehundred-and-fifty-seven participants in this group did not keep 4-day diaries and a further 78 did not have their body weights recorded, thereby preventing calculation of basal metabolic rate (BMR). Thus 1097 participants remained for this analysis, 558 women and 539 men 2 .
BMR was calculated for each participant from his or her body weight, age and sex using the Schofield equations 4 . Separate age-and gender-based equations were used for those aged below and over 75 years of age. The withinsubject coefficient of variation of daily reported energy intake was 17.5%, giving a`cut-off 2' value of 1.1 using the Goldberg formula 5 . Low energy reporters (LERs) were thus defined as those participants reporting an average daily energy intake over four days below 1.1 times BMR.
The clustering technique used was a hierarchical agglomerative (or stepwise) technique available on SPSS for Windows. Ward's method was used, based on squared Euclidean distances 6 . In Monte Carlo studies, Ward's method has been found to be the most robust clustering method using a similarity matrix based upon squared Euclidean distances 7, 8 .
Analyses were conducted for men and women separately. Twenty-seven food/drink groups were used in the analysis. Continuous food and beverage group values (all estimated in g per week) were standardised by converting to the standard normal deviate. This is to ensure that clusters are not influenced by food categories with high specific gravity such as beverages. A matrix of distances based upon squared Euclidean distance was computed followed by stepwise fusion of cases. The clustering coefficient was then used to indicate the stage on the agglomeration schedule where large changes between fusions were evident, as compared with immediately preceding stages 6 .
As possible instability of the results could be one of the limitations of a cluster analysis, we tested the stability of the cluster solution. Two methods were used: (i) discriminant analysis to test the degree of association between group membership assigned by cluster analysis using 27 food/beverage groups, and (ii) by randomly splitting the data into two, clustering separately in each subset and comparing cluster membership in each split sample.
Statistical comparisons were made across the clusters in terms of reported food-group consumption, intakes of macronutrients and micronutrients, LERs 3 , and selected socio-economic, demographic and behavioural variables. Non-parametric Kruskal±Wallis one-way analysis of variance (ANOVA) was used to test for differences between clusters in the consumption of each food group and of alcohol. Parametric one-way ANOVA was used to test for between-group differences in frequency distribution of nutrients and biochemical variables. Chi-square was used for categorical variables. Statistical analyses were performed using the SPSS for Windows and SAS statistical packages.
Results

Identification of clusters
Among men, three large clusters were identified comprising 86% of the male sample, and three small clusters comprising the remaining 14%. Among women, three large clusters were identified comprising 83% of the female sample, and three small clusters comprising the remaining 17%. In order to test the stability of the solution obtained, a discriminant analysis was undertaken to test the degree of association between group membership assigned by cluster analysis using 27 food/beverage group variables. The level of agreement between group membership identified by cluster and predicted group membership using discriminant analysis was 83% among men and 81% among women. We also did a split sample to test whether the results were different in each split sample. The results show that the split samples were the same, identifying six large clusters and six small clusters. These results indicate relatively good overall agreement between actual and predicted group membership using cluster and discriminant analysis, and using the split samples. Table 1 presents for men and women the total sample median food/drink group intake by clusters. For the purposes of data summary, cluster median food/drink intakes below 50% of the respective sample intake were considered`low'. Cluster median intakes between 50% and 99% and between 100% and 149% of the respective total sample median were considered`moderate±low' and`moderate±high', respectively. Cluster median food/ drink group intakes above 150% of the respective total sample median intake were considered as`high'.
Reported food and drink consumption
Male dietary clusters
The most prevalent male dietary group was cluster 1 (MC1; n 273; 48% of the male sample) who reported median food/drink groups in the`high' category (i.e. .150% of the median of the total male sample) such as whole milk and cream and low-fat spreads. This cluster also had a`moderate±high' (100±149%) consumption of refined cereals including white bread, biscuits, cakes and pastries, eggs, bacon and ham, beef, veal, lamb, pork, liver and meat products, fish, potatoes, vegetables, sugar and tea/coffee. They also had a`moderate±low' consumption of brown bread, cheese, fruit, sauces and pickles. This dietary pattern is interesting in that it has elements of the traditional diet, and also has some elements of a healthy diet. This pattern is hence designated a`mixed diet'.
Male cluster 2 (MC2; n 122; i.e. 21% of the male sample) reported food/drink groups in the`high' category for brown bread, low-fat spreads, fruit and alcohol, and moderate±high' for biscuits, cakes and pastries, cheese, liver and meat products, fish, potatoes, vegetables, tea/ coffee, sauces and pickles. This cluster also demonstrated moderate±low' values for whole milk and cream, eggs, bacon and ham, beef, veal, pork, sugar and preserves, with`low' consumption of food items such as refined cereals including white bread, rice and pasta, yoghurt and ice cream, butter, margarine, chicken and turkey, fruit juice, soft drinks, soup and pickles. This dietary pattern could be considered a`healthy diet'. However, this diet was also high in alcohol, which has generally not hitherto been considered an attribute of a`healthy' diet.
Male cluster 3 (MC3; n 97; i.e. 17% of the male sample) had median intakes in the`high' category for whole milk and cream, cheese and alcohol; and in thè moderate±high category' for refined cereals including white bread, biscuits, cakes and pastries, eggs, meat products, fish, fruit, tea/coffee, potatoes, vegetables and fruit. This third male cluster also showed a`moderate± low' category for brown bread, butter, margarine, bacon and ham, beef, veal, pork, sugar and preserves, sauces and pickles, as well as a`low' category for food items such as pasta and rice, low-fat milk, yoghurt and ice cream, chicken and turkey, fruit juice, soft drinks, and soups and pickles. This dietary pattern may be considered à traditional diet high in alcohol'.
Female dietary clusters
The most prevalent female dietary group was cluster 1 (FC1; n 192; 33% of the female sample) with reported food/drink groups in the`high' category that included biscuits, cakes and pastries, whole milk and cream, sugar and preserves; and in the`moderate±high' category for brown bread, eggs, meat products, potatoes, vegetables and fruit. This female group also demonstrated à moderate±low' for white bread, cheese, bacon and ham, beef, veal, pork, fish, tea/coffee, sauces and pickles, and a`low' for butter. This diet was a`sweet, traditional diet'. Female cluster 2 (FC2; n 185; 32% of female sample) had reported median food/drink groups in the`high' categories including brown bread and whole grain cereals, low-fat milk, yoghurt, cheese, low-fat spread, chicken and turkey, and fruit. This cluster had à moderate±high' for beef, veal, pork, fish, potatoes, vegetables, sauces and pickles; and a`moderate±low' for white bread, biscuits, cakes and pastries, eggs, bacon and ham, meat products, sugar and preserves, and tea/ coffee. Cluster FC2 also showed a`low' for whole milk and cream. This diet could be considered a`healthy diet'.
Female cluster 3 (FC3; n 102; 18% of the female sample) was found to have reported food/drink groups in the`high' category for white bread and low-fat milk; and moderate±high' for low-fat spread, bacon and ham, beef, veal, pork, chicken, meat products, fish, sugars and preserves, tea/coffee, and potatoes. FC3 also had à moderate±low' for brown bread, biscuits, cakes and pastries, vegetables, fruit, sauces and pickles; and a`low' for whole milk and cream. This diet is interesting as it has elements from a healthy diet ± low-fat milk and spread, brown bread, low in biscuits, cakes and pastries, high in white meats and fish ± along with elements from a traditional diet, i.e. white bread, potatoes, red meat and meat products, low vegetables and fruit, and high sugars and preserves. This dietary pattern could be called à mixed diet'. Table 2 presents data on macronutrient densities for the three large clusters for men and three clusters for women. Of the three large men and women clusters, the`healthy' diets (MC2; FC2) had the lowest mean densities for total fatty acids, saturated fatty acids and trans fatty acids, the highest for carbohydrate, starch and n6 polyunsaturated fatty acids, and the highest for fibre. In men (MC2) total sugar density was close to the sample mean, but in women (FC2) total sugar density was the highest of all the diets. Conversely, the`traditional' diet (MC3; FC1) had the highest mean densities for total fatty acids and saturated fatty acids, and had the lowest mean density for fibre. Compared with the`traditional diet' (FC1), the FC3 and MC1 diet, which has elements of traditional and healthy diets, had higher mean densities for carbohydrate, protein, n6 polyunsaturated fatty acids, n3 polyunsaturated fatty acids, polyunsaturated fatty acids and starch, and lower mean densities for total fatty acids and saturated fat. Compared with the`traditional diet' (MC1), the male`traditional diet high in alcohol' (MC3) had lower mean densities of carbohydrates, trans fatty acids, n6 unsaturated fatty acids, n3 unsaturated fatty acids, total sugars and starch, and higher mean densities of alcohol, total fatty acids and saturated fatty acids. Table 3 presents data on mean densities for 20 vitamins and minerals for the three large men and women clusters. The`healthy' diet clusters (MC2; FC2) had the highest mean densities for 18 of 20 mineral and vitamins. The traditional diet, MC3, had the lowest mean micronutrient densities for 16 of 20 micronutrients, and FC1 had the lowest mean micronutrient densities for 15 of 20 micronutrients (Table 3) . Interestingly, FC3 and MC1 ± which both had elements from a traditional diet and a healthy diet ± had mean micronutrient densities higher than the traditional diet (FC1) for 14 of 20 micronutrient densities and (MC1) for 12 of 20 micronutrient densities (Table 3) . Lastly, compared with the male`traditional diet' (MC1), MC3 ±`traditional diet high in alcohol' ± had mean densities of micronutrients lower for seven nutrients including: phosphorus, copper, vitamin D, vitamin E, vitamin C, thiamine and pantothenic acid, and higher for nine nutrients including: calcium, potassium, magnesium, iodine, vitamin A, niacin, vitamin B 12 , folate and biotin. Table 4 presents data on the mean biochemical measurements by sex and cluster. The`healthy diet' (MC2; FC2) had the highest mean biochemical indices for nine of the 15 measurements for men, and 12 of 15 measurements for women (see Table 4 ). The`traditional diet' clusters (MC3 and FC1) had the highest levels for three of the 15 including serum folate, red-cell folate and plasma retinol. Of the`mixed diet' clusters, the men (MC1) had the highest levels of serum ferritin, serum vitamin E, serum zinc and EGRAC (erythrocyte glutathione reducase activators coefficient) (high levels of EGRAC are indicative of low vitamin B 2 status). The`mixed diet' cluster for women (FC1) showed the highest levels of serum vitamin E and EGRAC (i.e. poor B 2 status). For many biochemical measurements, levels differed significantly between clusters, but in other cases differences may have arisen by chance. Table 5 presents data on mean energy intake, BMI and proportions of LERs for the three large male and female clusters. Only among women are the cluster differences in energy intake, the percentage LERs and BMIs statistically significant. Among the females, the`healthy diet' cluster (FC2) and the`traditional and healthy diet' cluster (FC3) had the lowest mean energy intakes. Among women, the proportion of LERs was higher in the`mixed diet' (59%) followed by the`healthy diet' (52%) clusters, while thè traditional diet' cluster had the lowest proportion of LERs (34%). Among the males, the`healthy diet' cluster (MC2) had the highest mean energy intake and the`mixed diet' cluster (MC1) the lowest mean energy intake. Among the male clusters, the lowest proportion of LERs was in thè healthy diet' cluster (MC2) followed by the`traditional diet' group (MC3), with the highest proportion of LERs in the`mixed diet' cluster.
Macronutrient density
Micronutrient densities
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Energy, body mass index (BMI) and LERs
Socio-demographic and behavioural profiles
Selected socio-demographic and behavioural characteristics for the three large male and three large female clusters are presented in Table 6 . Males and females in thè traditional diet' and the`mixed diet' groups were more likely to be smokers and to come from manual social classes. They were more likely to be in receipt of state benefits and to be on lower incomes than those in the`healthy diet' group. Among men, those adopting the`healthy diet' had in general more years of education than those in the`traditional diet' and`m ixed diet' groups, but this was not so amongst women. Women in the`healthy' and`mixed diet' groups were more likely to report having consciously changed their diet in the past. There was an age effect in both men and women, with higher proportions of younger individuals in the`healthy diet' group, and the more elderly individuals in thè traditional' and`mixed diet' groups. 
Discussion
In this paper we report results of an investigation which uses cluster analysis to identify groups of individuals over 65 years of age with similar patterns of dietary behaviour within the UK population. As compared with a more traditional approach of a priori classification of individuals (e.g. by social class) followed by analysis of variance, cluster analysis adopts a more dynamic approach to exploring patterns of food intake by grouping participants with comparable combinations of food types. We characterised the sample using 27 food groups and then used cluster analysis to identify similar eating patterns 9 . In this study, three large clusters comprising 86% of the male sample and three large clusters comprising 83% of the female sample were identified. The mixed diet was consumed by 48% of men and 18% of women, the healthy diet was consumed by 21% of men and 32% of women, and the traditional diet was consumed by 17% of men and 33% of women.
Current smokers, manual social class and education were least in the healthy diet and most in the traditional diet. Among men, LERs were most in the mixed diet and least in the healthy diet. Among women, LERs were least in the traditional diet and most in the mixed diet. Among men, red-cell folate was highest in the traditional diet, and serum vitamin C, plasma 25 hydroxy D and plasma acarotene were highest in the healthy diet cluster. Among women, red-cell folate, plasma a-carotene, plasma bcarotene, serum cryptoxanthin, serum vitamin C, plasma vitamin A and plasma vitamin E were highest in the healthy diet cluster.
A priori classification by social class, age and gender did show some differences in dietary intake, but these were small 2 . In this study differences in mean levels among clusters were larger and combinations of undesirable/desirable dietary and other factors were observed. For example, the`traditional diet' included high fat/high alcohol consumption and low micronutrient intake, and the group had a higher prevalence of smokers than the overall population. On the other hand, the`healthy diet' group had a low mean fat intake, higher micronutrient intake and had fewer smokers. Other studies have shown that a more health-conscious behaviour is often associated with a higher social class 11 , with a more favourable biochemical profile of cardiovascular risk factors 12 .
Cluster analysis has not been widely used in nutritional analysis relevant to public health. Huijbregts et al. 13 identified four dietary groups using cluster analysis on the elderly population in Zutphen. The first dietary group was high in alcohol, meat, fish, eggs and cheese, and below average in bread, cereals, vegetables and fruit, milk and sugars. This cluster is similar to our male`traditional cluster high in alcohol'. The second dietary group identified in the Zutphen study was a healthy cluster high in bread, potatoes, vegetables and fruit, and below average in meat, fish, eggs, edible fats, sugars. This is similar to the`healthy diet' cluster in this study. The third cluster was a sweet cluster high in milk, sugars and pastries, and below average for bread, meat, eggs, cheese and alcohol. This is similar to the female`sweet traditional' diet cluster of this study. Tucker et al. 14 identified four clusters in an elderly sample from Boston: an alcohol cluster; a milk, cereal, fruit cluster; a bread, poultry cluster; and a meat and potatoes cluster were identified. Socio-demographic characteristics and nutrient intake differentiated clusters. Using data on adults aged 65±74 years from the US Nationwide Food Consumption Survey, Akin et al. 15 identified eight clusters which differed in terms of nutrient intake and socio-economic characteristics. Hulshof et al. 16 used the cluster analysis technique to analyse data from the Dutch Nutritional Surveillance System (17±85 years). Eight clusters were identified on the basis of macronutrient intake that differed not only in terms of nutrient intake, but also in terms of diet and lifestyle characteristics.
Our work identified six large groups among UK men and women aged 65 years and over which differed not only in terms of reported dietary intakes, but also with respect to their nutritional status, social status and behavioural profile. Further research is needed on mortality and morbidity by clusters. Nevertheless, these results should be of relevance to the development, monitoring and targeting of public health nutrition policy in the UK. In particular, they could be used to develop a tailored health promotion programme based on diet clusters, by positively reinforcing the healthy diet, pointing out deficiencies in the mixed diet and targeting the traditional diet for significant improvements.
